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Summary of the Research Progress Meeting 

October 2lll 1948 

Ro K .. Wakerling 

Mass Spectrograph .. Fo Lo Reynoldso 

During the past year a mass spectrograph has been constructed for the deter.mina= 

tion of mass assignments of radioactive isotopes from cyclotron bombardmentso Figures l and 

2 show views of the receiver and panel region and the source region respectivelyo 

The ion source consists of a tungsten or platinum filament on which the smnple is 

heated to produce ions by thermal exci tationo An al terne.te source v to produce ions by , · 

-electron bombardment, is under constructiono The ions are accelerated ·by an electric field 

of about 8000 volts, The b~am is deflected 60° on an arc of 20 centimeter radiuso The ions 

are usually collected on a photographic plate located at the focuso For preliminary experi

ments with stable isotopes, an electrometer detector is also providedo The radioactive 

atoms are detected on the plate either by counting methods or by photographic 00transfer" 

techniques similar to those described by Dempster and c~orkerslo The mass scale on the 

plate is based on the positions of lines caused by known stable isotopes., 

A special feature of the design is the exposed position of both the source and 

the receiver, which facilitates insertion of the source with the radioactive sample and the 

removal of the plate after the run., The entire spectrograph may be readily disassembled for 

ole aning, each unit having vacuum gasket conne.ctions o The instrUment is of metal construction 

• except the Kovar to glass electrical leads to the source unitQ Both the magnet supply 

current and the 10 kv acceleration supply are measured accurately by potentiometer methodso 

The magnet supply current is constant to 1 part in 13,000 over a period of an houro The 

'.0 kv supply is constant to 1 part in 5,000., The magnetic field is sufficient to focus ions 

of masses as high as 400., The practical resolution of the instrument is about 1200'.!! the 

dispersion at mass 100 being about 4o0 ~mass unit. The geometry of the instrument is 
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~ound 2%~ or about one ion of fifty hitting the slit plate reaches the receivero 

During the four months that the spectroEraph has been in operation, a large portion 

• of the operating time has been given to adjustments and runs on non-active sampleso Good 

' 

results have been obtained by thermal ionization techniques on samples of neodymium, rubidium~ 

cesium9 barium» lead, sodium, thallium and tungsten obtained by evaporation of nitrate 

solutions in microgram quantities on tungsten or platinum filamentso 

Several successful runs have been made with two radioactive isotopes of rubidium, 

5-hro Rb8l and 6-hr o Rb82 o These isotopes are of particular interest because their similar 

half-lives make their differentiation by any other method quite difficulto In fact, the 

presence of two isotopes was not suspected until the result of the mass spectrograph was 

obtainedo 

Bromine in the form of ammonium bromide was bombarded in the 184-inch cyclotron 

with helium ions of various energies. A small amount of rubidium carrier was added and 

separated from the target material by strong heatingo. The resid~e was dissolved in a small 

volume of acid and evaporated on.the filament for analysis in the mass spectrographo 

The receiver plate ((a) in Figo 3) was placed emuhion to ernulsiol). against a 

transfer plate ((b) in Figo '3) before developmento The radiation from the active deposit 

causes an image on the transfer platea while the stable isotopes have no erfecto After 

development the isotopes are washed out of the emulsion, so no further measurements are 

possible o 

The plate from a similar experiment was counted with a Geiger counter a placed 
. . 

behind a small slit. The activity at mass 81 decayed with a 5oO~hr half-life,~~ while that 

at mass 82 9 which was considerably weaker, decayed with about a 6-hre half'-lifeo 

The 40~day activity which has been assigned to Rb84 was also produced in these 

bombardments~ but in yield too poor for detection with the mass spectrographo 

hLewis and Hayden» MDDC-1556 9 A Mass Spectrograph for Radioaotive.Isotopeso 
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Metabolism of Radio-cadmium 109. B. Lamson. 

Because of the extremely toxic nature of cadmium a study of its metabolism is 

import.ant from the point of ;view of industrial/ hazard. The material is extensively used in 

paintsp in electroplating and in the manufacture of bearing alloys. In these industries 

workers are subjected to cadmium fumes and dust particles arising from milling or machining 

of the metal. A number of deaths have been recorded from cadmium fumes~ small &nounts of 

cadmium have also been used in the treating of certain diseases. The material is one of 

the most toxic, the LD 100 dose being about 3 mgo/kgo of body ~ighto 

Some experiments have been done with animals that have be~~ fe4 o~ diets contain

ing 200 parts per millia1i of cadmi'LU!lo Serious effects were found in the~~ studies o It 

was discovered that dosages Of 2ij0 parts per millio~ ~in tbe diet Cf.USe eventual deatho They 

.showed that the majQr portion or the mat~rial is deposited in the liver and pancreaso 

To shed further light on the deposition of t~is mater~al in the body, experiments 

have been initiated employi~g ~adio-cadmium produced by the d,2n reaction on Agl09o The 

material was first used in a carrier":rree state in 1, 4., 50, e.nd 64 day studies on rats o 

It was administered intramuscularly, intravenously, and orally to different groups of animals. 

The quantity administered WE!,~ ~maU, so that the blood level wae neVel." nigho . F:rom the 

intrmnuscular and intravenous studies it was discovered that a major portion of the material 

was deposited in the liver, kidney's, e;nd pflll.creas. After one day p.early 100 per cent of the 

material was found in.these three organs. The retention is quite great; at the end of 64 

daysj) for example j) the amou~t in the liver has only decreased from 78 per oent to 62 per cent 

of the administered doseo lt is observed that the material is o~ly e~cret~d at the rate of 

•· about 1 per cent per day for the first 4 days e.l::lJ4 at the rate of o02 per ceD,t per day for 

the remaining time. The material excreted was principally by way of the feoes. It is 

believed that the cadmium i§ eliminated with the bile o · 

There was a considerable Gi~ilarity in the results fqr the intramuscular and intra-

venous injectiono However» the result~ for the oral administ~~;tiop. were ~uite different. 
, , 

It was discovered that very little material is absorbed in oral administration, although the 
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distribution pattern is quite s imile.r., 

Another experiment was.done in which one milligram of cadmium carrier was given 

with the radio-cadmium. Unger these circumstance~ the distribution throu,ghout the body was 
~, .. 

much the smne but the route of excretion was changed, shifting toward urinary excretion. 

Some decrease in the liver retention was also noted in this caseo Photomicrographic studies 

revealed damage in the liver, kidneys, and pancreaso 

Experiments will be conducted to discover if the elimination of cadmium can be 

~peeded by the injection of various .chemicals o The chief of these to be tried will be BAL 

(British anti-lewisite). In some experiments with zinc it has been found that the use of 
... . 

B.AL outs the mortality by 50 per cent and raises the excretion 400 per canto Some success 

has also been achieved using BAL in other ~ypes of metal poisoning, notably with arsenico 

liigh Energy GalJ!Illa Rays from the 184-inch Cyclotron.. Bo Moyero 

~he experiments on the detection of high energy gemma rays from the 184-inch 

cyclotron reported in the Progress Meeting for September 30 have been continued and.some 

· preliminary results obtained on the cross sec't;ion for the produot~qn of 70 Mev quantum. It 

must be emphasized that the results ~re only tentativep since a complete analysis of the 

errors involved in the measurements has not been made .. 

With the apparatus being used, the detector subtends at the target a solid angle 

of 10-6" A .. 0001 'tantalum detector is employed., This has an equivalent thiclaiess of ~07 

radiation units, where the radiation unit is defined as the thickness required to reduce 

the energy of energetic electrons by ~factor of l/e .. 

To begin with, the production of 70 Mev gamma r~ys was made the object of the 

measureme;tt; At this energy the probabi~ity for pair production in one radiation unit of 

tantalum is approximately o6, which ~eans that in the .0001" detector used the probability 

for pair productio~ by 70 Mev quanta is about 4 per cent. On this basis the efficiency for 

detecting such gamma rays with the instrument in use is approximately lo-8 • A one microampere 

per sq. cmo beam of deuterons was employed, and the cyclotron target was assumed to contain 
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6-23 cmo2 atoms for the beam to strike, that is .,01 events per second at 70 Mev should be 

detectable., This is equivalent to saying that the cross section for production of 70 Mev 

quanta is lo-23 cmo2o 

The counter system employed for the detection of the pairs produced in the Tn 

detector involves triple coincidence between three counters arranged as shown in Figure 4o 

Between the second and third counters a 1/4 inch sheet of lead is employed to reduce the 

accidental number of coincidenceso With this arrangament the ratio of the number of coinci-

'dances to the product of the energy width and the number of counts on the monitor detector 

as a function of energy exhibits the form shown in Figure 5 for the cases of lead and beryllium 

~argets. The berylliUm target was 1/2 inch in thickness, while the lead target had a thick-

ness of .,1 inch., 'l'he difference between the results ~eems to be real, although the points 

in both cases are somewhat scattered. 

These results are preliminary and need to be corrected for the variation of the 

probability of pair production as a function of deuteron energy. However~ it can be said 

that the corrections involved for energies above 50 Mev are negligible as the following 

brief table of pair production probability as a fu;nction of. energy exhibits., 

E P(E) 

100 o58 

70 e55 

50 o52 

20 .,40 

10 .25 

Scattering is not the significant factor in this experimento It is planned to 

extend this work and to make careful estimates of the experimental errorso 

-~LID/hw 
.&.1-1-48 
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